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Abstract
Considering global trends such as climate change and resource scarcity, a major challenge of future cities will be to reduce
urban footprints. Moreover, cities have to become or remain livable for their inhabitants and offer social and economic
opportunities. Thus, reconnecting food production and cities offers promising potential. The diffusion of urban farming
reﬂects a rising awareness of how food and farming can shape our cities. A growing number of urban farming projects exist
in and on urban buildings, including open rooftop farms, rooftop greenhouses and indoor farming. These projects are
characterized by the non-use of land or acreage for farming activities. We use the term ‘Zero-Acreage Farming’
(ZFarming) to represent these farms. The objective of this paper is to: (1) illustrate and systemize present practices
of ZFarming and (2) discuss speciﬁc novelties of ZFarming in the wider context of urban agriculture. We analyzed
73 ZFarms in cities of North America, Asia, Australia and Europe using a set of criteria, and developed a typology of
ZFarming, complemented by in-depth interviewswith pioneers in rooftop farming inNewYork.The results illustrate that
ZFarming generates innovative practices that may contribute to a sustainable urban agriculture. Besides growing food, it
produces a range of non-food and non-market goods. It involves new opportunities for resource efﬁciency, new farming
technologies, speciﬁc implementation processes and networks, new patterns of food supply and new urban spaces.
Key words: urban farming, urban innovation, rooftop farming, indoor farming, rooftop greenhouse, building integrated, Zero-
Acreage Farming, sustainability
Introduction
Supplying urban areas with energy, water, space and food
strongly relies on ﬂows of external resources into cities:
‘Cities occupy only 2 per cent of the world’s surface, but
they consume 75 per cent of its resources’1. At the same
time, cities are ecologically more efﬁcient than any other
type of settlement2,3. Considering global trends, such as
climate change and resource scarcity, new approaches are
needed to reduce urban footprints and make cities
sustainable. The question of how to feed future cities is
a central issue in this context. The spatial distance between
the people and the agricultural land that supports them
alters ecosystems because it prevents nutrient recycling
and creates high costs and emission problems of
long-distance transport3,4. Steel5 highlights that, ‘what
is clear is that the relationship between non-food-
producing communities (aka cities) and food-producing
ones (aka countryside) is dangerously out of kilter’. She
also stresses the need to put food back on the cities’
agenda, calling for a major cultural shift with new
political and economic structures, planning models
and social order5. Moreover, we need to ‘mitigate the
harmful impact of urban development on the natural
environment, whilst also maximizing design quality and
livability, economic growth, cultural diversity and social
prosperity to bring just and healthy urban develop-
ments’6. Several authors emphasize that the reintegration
of food and cities offer opportunities to address these
challenges7,8.
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Urban farming is largely driven by the desire to
reconnect food production and consumption. The dif-
fusion of urban farming reﬂects an increasing awareness
of how food and farming can shape our cities. During the
past 5 years a new phenomenon in urban agriculture has
evolved. A growing number of urban farming projects are
being established in and on existing buildings, using
rooftop spaces or abandoned buildings. In discussions, we
ﬁnd different images and deﬁnitions of this phenomenon,
demonstrating that there is no common understanding of
these practices.
Often the images are associated with futuristic multi-
level vertical farms—sophisticated, built, urban structures
that solely serve as spaces for agrifood business to
cultivate high yields of food within skyscrapers or on
vertically inclined surfaces in a technologically advanced
manner9. So-called ‘vertical farms’ represent the most far-
reaching vision of farming in and on urban buildings.
Another approach is building-integrated agriculture, i.e.,
greenhouse systems on buildings, to exploit synergies
between buildings and agriculture10. At the opposite end
of the spectrum, there are open, soil-based rooftop
farming projects that often employ less sophisticated
growing methods.
Our perspective embraces all forms of food production
related to urban buildings, including open rooftop farms,
rooftop greenhouses, productive facades and indoor
farming on and in existing or newly built urban structures.
The farming can be soil-based or hydroponic and may
also involve livestock. It can take place in mixed-use or
single-farming-use buildings. Since these speciﬁc forms
of food production are characterized by the non-use
of land or acreage, we use the term ‘Zero-Acreage
Farming’ (ZFarming) to represent them11. Of course,
some of the principles of ground-based urban farming
also apply to ZFarming. However, using the urban
building stock instead of farmland or vacant parcels and
brownﬁelds, ZFarming differs from ground-based urban
farming in ways that present distinct opportunities and
challenges. ZFarming can be understood as a subtype of
urban farming that complements ground-based forms but
implies speciﬁc technical restraints, regulatory frame-
works and opportunities for resource-efﬁciency based on
synergies between buildings and farming.
There is a lack of comprehensive empirical studies
exploring the status quo of ZFarming in all its different
forms and functions. Existing empirical studies mostly
focus on single cases or one speciﬁc form of
ZFarming9,12–15. Specht et al.11 offer a profound review
of the literature on ZFarming, but no empirical evidence
on current practices.
The objective of this contribution is to:
(1) illustrate and systemize current ZFarming practices,
considering different forms, functions, players, under-
lying principles and procedural mechanisms;
(2) create a typology of ZFarming in order to structure
the diversity of ZFarming; and
(3) discuss speciﬁc novelties inherent to ZFarming in the
wider context of urban agriculture.
Methodology and Empirical Basis
For analyzing and assessing current ZFarming practices,
a qualitative four-step approach was chosen:
(1) Identifying existing ZFarming projects: Intensive
web, media and literature research in 2011 and 2012
resulted in a total of 73 identiﬁed projects in North
America (44), Europe (19), Asia (15) and Australia
(1). Given our focus on the role of ZFarming in
developed countries, research was limited to Europe,
North America and parts of Asia, i.e., Asian
economies with upper-middle-income levels (accord-
ing to World Bank deﬁnitions)16. While the list is by
no means complete or statistically representative, it
does serve the purpose of providing a broad overview
of present ZFarming practices.
(2) Developing research criteria for the analysis:
Research criteria were derived from literature review
and 20 explorative interviews conducted with practi-
tioners and researchers at early stages of the research.
Selected criteria presented in this paper include:
strategic orientation of ZFarming projects; spaces
used; spatial diversiﬁcation; farming methods;
ZFarming products and activities; market orien-
tation; ﬁnancing; and planning and implementation
processes. Websites and relevant contributions in the
literature and the media were investigated accord-
ingly. Although information, due to our reliance on
publicly accessible data, could not always be retrieved
for all of the criteria, it still allowed for a comprehen-
sive picture regarding present ZFarming.
(3) Creating a ZFarming typology: ZFarms greatly vary
in form, function and players. The typology helps to
understand different ZFarming strategies and under-
lying principles and to develop reference points for
theorizing. It is based on the criteria of ‘market
orientation’ and ‘strategic orientation’, i.e., economic
dimensions and broader goals.
(4) In-depth interviews: Seven in-depth interviews with
pioneers in rooftop farming in New York City were
conducted. The interviews addressed questions that
could not be clariﬁed by desk-research (e.g., planning
and implementation processes, ﬁnancing) and served
to substantiate the typology. Interviewees included
ZFarming operators (private entrepreneurs and non-
proﬁt organizations); and public, private and non-
proﬁt landlords or real-estate developers. Interviews
were focused on New York City because it has
the greatest variety of ZFarming, enabling us to con-
tact actors from a wide range of sites. While
we are aware of a possible bias due to this one-city
focus, the interviews substantially complement the
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desk-research analysis and add to the general
understanding of ZFarming.
Results: Present Practices of ZFarming
Strategic orientation of ZFarms
There are a great variety of purposes associated with
ZFarming. Even though each farm has speciﬁc goals,
three main categories of strategic orientations are
observed that differ in their potential to transform existing
mechanisms in the agrifood system (cf. Stevenson et al.17
in a different context):
. Sustainable food production (high transformative
potential): ZFarming is used to create sustainable
models of food supply, focusing on food production
and alternative supply chains. It may include research
for new solutions for food production, experimenting
with synergies between buildings and farming.
. Education and social commitment (medium trans-
formative potential): ZFarming is used as a means of
teaching values associated with local and sustainable
food production and healthy nutrition, or of offering
new opportunities of social integration, e.g., for
disadvantaged people.
. Urban qualities (low transformative potential):
ZFarming is seen as a ‘productive’, but primarily
recreational space that improves urban qualities and
contributes to the social life or even the image of a
community.
Spaces used for ZFarming
Most of the identiﬁed ZFarms use rooftops, but there is
also an increasing number of indoor ZFarms using one or
more ﬂoors within buildings (Table 1).
In most cases, ZFarming is integrated into existing
mixed-use buildings (Fig. 1). No buildings speciﬁcally
constructed for growing food were found. Rather, some
indoor farmers redevelop abandoned buildings.
In speciﬁc contexts, ZFarming may directly relate to
and interact with other uses in a building: schools using
greenhouses as green classrooms; community rooftop
gardens serving as recreational spaces for residents;
restaurants using produce from their own rooftop farm.
In other cases, no such interaction is found.
Spatial diversification
Spatial distribution of ZFarming reveals clusters as well as
regional characteristics. North America has the largest
number of ZFarms (44), followed by Europe (19), Asia
(15) and Australia (1). Almost all identiﬁed ZFarms were
located in cities with more than 150,000 inhabitants. In
North America, clusters are in New York City (18
ZFarms), Chicago (9) and Toronto (5). In Europe and
Asia, the numbers are generally too low to speak of
clusters. However, there are slight concentrations in
Tokyo (6) and Hong Kong (4). ZFarming characteristics
in our sample tend to differ among regions. Technically
sophisticated rooftop greenhouses seem to be mostly a
North American phenomenon. Regarding ZFarming
goals, North America and Europe have the greatest
share of farms oriented to sustainable food production,
while in very dense Asian cities, such as Tokyo and Hong
Kong, the focus seems to be on enhancing urban qualities.
Table 1. Different forms of ZFarming (absolute frequencies,
n=73).
Absolute frequencies
(n=73) Percentages
Rooftop farm/garden 47 64.4
Indoor farm 17 23.3
Rooftop greenhouse 6 8.2
Façade 1 1.4
Other 2 2.7
Figure 1. Building uses combined with ZFarming (absolute frequencies, n=73).
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However, the small size of our sample—especially for
Europe and Asia—hardly allows for general conclusions.
Farming methods
Most projects employ soil-based methods—soil placed
either directly on the rooftop (greenroof technology) or in
raised-beds or mobile containers. Some use hydroponics,
and a few use aquaponic systems that combine vegetable
and ﬁsh farming (Table 2). Hydroponics is applied in both
indoor farming and rooftop greenhouses, aquaponics
only in indoor farming. Most of the farms, being outdoor
facilities, grow seasonally. Farms with year-round pro-
duction use either greenhouses or operate indoors. Even
though all farms claim to grow without pesticides, only a
few are certiﬁed as organic. One reason may be that many
ZFarms do not produce for the market, so there is no need
for certiﬁcation. Also, given the very complex and costly
procedures, small-scale farmers may be deterred from
applying for organic certiﬁcation18,19. Finally, soil-less
growing systems such as hydroponics are often not yet
eligible for organic certiﬁcation.
ZFarming products and activities
ZFarms produce various vegetables and fruits, but usually
no cereals. For perishable fruits and vegetables, the
beneﬁts of being close to consumers are considerable.
Commercial ZFarms focus on produce with a high
turnover or ‘forgotten’ cultivars. Indoor farms mostly
grow leafy produce. Some ZFarms use bees for honey and
pollination, chickens for egg production and ﬁsh for
aquaponics.
Many ZFarms offer non-food products and activities,
such as internships or educational programs, including
tours and workshops on food and nutrition for school
classes and the community. Some offer cultural programs,
involve residents as volunteers, operate their own shops or
provide consulting services for ZFarming. ZFarming
businesses may also include the packaging, processing and
distribution of their produce.
The (re)use of local resources is mostly limited to
collecting rainwater and composting, with compost used
to refertilize the soil. Some ZFarms use energetic synergies
between farming and buildings: the rooftop greenhouse
on Eli Zabar’s Vinegar Factory (New York) uses the
waste heat of a bakery for heating; in The Plant (Chicago),
food waste composted by an anaerobic digester and
creating the power for a combined heat and power system
is used for food production; the Maison Productive
(Montréal) uses the building’s graywater to supplement
rainwater for irrigation.
Market orientation
In most cases, produce from ZFarms is meant for private
use rather than for the market, or is processed, cooked
and/or sold to another business in the same building,
usually run by the farm’s operator (e.g., a restaurant with
a kitchen garden managed by the chef). Some commercial
ZFarms produce for local urban markets. Fresh or
processed products are sold through on-site vending,
farmers markets, community-supported agriculture or
direct distribution to local restaurants and supermarkets.
Some ZFarms cooperate with regional farmers to increase
product variety and use common marketing and distri-
bution channels. Commercial ZFarmers compete on the
basis of quality rather than price.
Financing
Interviewees stressed that ﬁnancing is a key challenge for
many ZFarms. The main sources of ﬁnancing, sometimes
combined depending on the respective ZFarming concept,
are:
. Investors, mostly for large-scale and technically soph-
isticated commercial projects.
. Crowdfunding and donations, particularly for com-
munity-oriented projects.
. Community-supported agriculture, for commercial
projects.
. Grants, addressing environmental (e.g., stormwater
retention), social (e.g., education, integration) or spatial
(e.g., redevelopment) issues.
. Voluntary work, a critical source of ‘capital’, since it
considerably reduces the need for monetary resources.
Planning and implementation processes
ZFarming planning and implementation processes often
involve a wide range of parties, such as project initiators,
landlords, planning and engineering specialists, ﬁnancing
institutions and investors, city administration, neighbors,
market institutions, science, support organizations and
the media. Interviewees also reported problems in the
planning and implementation processes due to lack of
practical ZFarming experience. Speciﬁc challenges are:
. Suitability of the building: size of available space for
growing and other activities, weight-bearing capacity,
accessibility, logistics and infrastructure (e.g., freight
elevator, water, energy), and the need for retroﬁtting;
. Zoning and building regulations, permission processes:
ﬂoor-to-area ratios, maximum allowable building
heights, commercial farming as urban land-use, ﬁre
and energy codes, etc.;
Table 2. Applied farming methods (absolute frequencies,
n=73).
Absolute frequencies
(n=73) Percentages
Soil-based 51 69.9
Hydroponics 10 13.7
Mixed 9 12.3
Aquaponics 3 4.1
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. Support by landlords;
. Financing; and
. Technical issues.
Interviewees emphasized the necessity of early exchange
and communication, particularly between initiators,
landlords, engineers and public administrators.
ZFarming typology
Figure 2 shows the ﬁve ZFarming types that can be
identiﬁed along the two scales, i.e., the two criteria used
for the typology.
While ZFarms can be classiﬁed according to this
typology, overlaps may occur. Cohen et al.20 note that
projects ‘also share many similar goals and practices,
blurring simple boundaries. A for-proﬁt, commercial
farm, for instance, may also run a nonproﬁt arm [. . .].
Both nonproﬁts managing farms and community garden-
ers sell produce [. . .], allowing people to earn income from
what they grow and generating revenue to support
programming.’
Commercial ZFarming (14 out of 73)
The main purpose of commercial ZFarms is to run an
economically viable farming business, usually operated
by a start-up, based on an either ‘retail-afﬁliated’ or
‘independent’ business model. ‘Retail-afﬁliated’ ZFarms
primarily cooperate with one speciﬁc retailer. Two
variants can be identiﬁed: agricultural production is
initiated, implemented and operated by either the retailer
on-site (e.g., rooftop greenhouse on a grocery store), or
by a farming business that is bound by contract to one
speciﬁc retailer. ‘Independent’ commercial ZFarms do not
collaborate with one speciﬁc retailer but rather use various
distribution channels. Both ‘retail-afﬁliated’ and ‘inde-
pendent’ ZFarm operations may include processing
and packaging. Whereas ‘retail-afﬁliated’ commercial
ZFarms focus solely on food business, ‘independent’
commercial ZFarms may be community-oriented and
open to the public.
All kinds of ZFarms can be operated commercially,
given a minimum size for economic viability. Suitable
spaces are mainly on or in commercial, industrial or
manufacturing sites. Farming techniques include soil-
based as well as more efﬁcient forms such as hydroponics
or aquaponics.
Image-oriented ZFarming (18 out of 73)
In this case, ZFarming is not the main source of revenue
but serves as an ‘add-on’ to other food businesses (e.g.,
restaurants, cafeterias) that process, cook and sell the
ZFarming produce. The image served is to offer high-
quality, fresh and local produce and to be sustainable
and innovative. Given the purpose of enhancing the
main business, farming itself is not necessarily proﬁt-
oriented. Thus, image-oriented ZFarms are mostly
integrated as small-scale rooftop or indoor farms in the
building of the main business and may provide limited
access to the public (e.g., at certain times or by offering
public tours). Farming techniques are mostly soil-based,
with only a few image-oriented ZFarms employing
hydroponics.
Figure 2. ZFarming typology.
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Social and educational ZFarming (20 out of 73)
The main purpose of these ZFarms is to communicate
social and educational values. They are found at schools,
universities and other public, private and non-proﬁt
educational or social institutions. Their produce is either
for personal use by the people involved or for an afﬁliated
cafeteria or market. Farms are community-oriented
and serve as showcases for environmental education
and sustainable and healthy food production. They often
involve voluntary work by local residents. Spaces used are
mainly on the rooftops of the afﬁliated institutions.
Farming techniques are mostly soil-based, with only a
few using hydroponics or aquaponics.
ZFarming for urban living quality (15 out of 73)
In this case, ZFarming is used for enhancing urban
qualities. ZFarms on residential, commercial or mixed-
use buildings serve as recreational spaces where residents
or employees can grow their own food and enjoy a green
oasis close to their homes or workplaces. The idea of
traditional green roofs is pushed one step further by
combining it with urban food growing. Farms are
initiated either by real estate developers keen on upgrad-
ing their site and capitalizing on the idea of a green,
sustainable and livable building, or by businesses that
want to improve their employees’ working environment.
Since ‘digging in the soil’ is a key idea, these projects are
usually soil based. The produce is mostly for personal use,
and sometimes for use by an afﬁliated cafeteria.
ZFarming as innovation incubator (6 out of 73)
Several ZFarms serve the purpose of promoting new
concepts of food production and sustainable ways of
organizing urban life and consumption. They often are
pioneer or demonstration projects operated by non-proﬁt
organizations or research institutions. Some of these
innovation incubator projects are not located in or on
normal buildings but use special forms, e.g., boats
reproducing a building’s environment for research pur-
poses, modular designs (such as containers) that can be
integrated into different built forms, or even ground-based
greenhouses for testing growing components for use
in a built environment. A substantial number of these
ZFarms use hydroponics or aquaponics. To promote
their innovative concepts they often provide access to the
public, e.g., tours or educational/environmental pro-
grams.
Discussion: The Contribution of ZFarming
to Sustainable Urban Agriculture
New opportunities for resource efficiency
Integrating agricultural production into urban buildings
offers various opportunities for saving and recycling
natural resources, mainly water, energy and organic
waste.
Concerning water, the analysis has shown that many
ZFarms harvest rainwater, thus helping to delay and
reduce urban stormwater run-off. Hydroponics, which is
increasingly applied by commercial ZFarming projects,
allows for considerable water savings compared to
conventional farming. According to Caplow, each hectare
of a recirculating rooftop vegetable greenhouse would
save 75,000 tons of fresh water per year10. Astee and
Kishnani21 show that for the same yields of vegetables,
rooftop gardens using hydroponics need 75% less water
than conventional farms. Water consumption can also be
reduced by using the building’s graywater for irrigation.
Concerning energy, ZFarming offers various innova-
tive solutions for improving a building’s energy efﬁciency.
Many ZFarms are open rooftop farms that generate
green-roof effects: they reduce summer cooling load and
rooftop surface temperatures, insulate against cold, and
reduce heat losses22,23. Vertical rooftop gardens have the
same effects: a Canadian study states that ‘[Green roofs as
well as vertical rooftop gardens] reduced surface tempera-
tures sufﬁciently to suggest that signiﬁcant reductions
of the urban heat island would be attainable if these
technologies were adopted on a widespread basis’22.
Rooftop greenhouses may even function as cooling,
heating and energy recycling plants11, providing insu-
lation, thus minimizing heat gains and losses through
roofs24, or using the building’s waste heat for heating—a
reason why buildings with heat-exhausting uses are
suitable sites for rooftop greenhouses. However, another
inventive approach is greenhouse use for energy gener-
ation: excess heat from solar gains in the greenhouse can
be fed into the building’s heating system24,25. This
practice, however, is not yet widespread.
Many ZFarms use organic waste for composting. A
study on open rooftop farms shows that ‘compost is an
essential soil-building component for each project’, even
though it requires extra space, which might be challenging
for rooftop farms26. Aquaponics, used by some indoor
farms, represents a speciﬁc type of nutrient recycling. It
combines hydroponic horticulture and ﬁsh farming by
using ﬁsh excretions as nutrients for plants in closed water
cycles27. Studies show that aquaponics allows for highly
water-efﬁcient ﬁsh farming systems28.
New farming methods
Farming technologies range from low-tech to high-tech.
While open, soil-based rooftop farms operate with
existing green roof technologies or standard raised beds,
rooftop greenhouses and indoor farms require more
sophisticated solutions. ZFarms often use proven tech-
nologies of industrial (rural) farming or green roof
industries. Implementing these techniques in novel
settings (urban rooftops, vacant buildings) and circum-
stances (creating ‘edible’ green roofs) both require and
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spur technical progress. Each new ZFarm enhances the
speciﬁc technological and architectural know-how.
Moreover, high-tech commercial ZFarming often in-
volves high investment and operating costs (e.g., energy
cost for indoor farming), thus putting pressure on
ZFarming pioneers to seek maximum efﬁciency in terms
of yields and energy and water savings. This pressure for
efﬁciency encourages technical innovations, such as
space-saving vertical hydroponic growing elements
or highly specialized plant growing lights for indoor
growing.
Synergies between farming and buildings are not
yet fully exploited, probably because most ZFarms
are integrated into existing buildings. Existing building
infrastructures are not necessarily compatible with the
implementation of energy loops or other resource-efﬁcient
systems. This highly complex challenge spurs new
technical solutions in infrastructure planning, architec-
ture, farming and various other disciplines14.
One critical aspect of ground-based urban farming is
the high level of air pollutants in urban settings, which
may lead to crop contamination and health risks29,30.
Since indoor farms and rooftop greenhouses operate in a
controlled environment, ZFarming may reduce these
risks. Furthermore, rooftop farms are farther away from
roads than ground-based farms or allotments. Studies
suggest that the presence of barriers between crop
cultivation and roads reduces contamination risks29.
However, there are no studies on the actual contamination
of ZFarming crops in comparison with produce from
ground-based urban farming.
New patterns of food supply
Even if the list of existing ZFarms is by no means
complete, it is still obvious—given the sheer numbers—
that ground-based urban farming contributes more to
food provision than ZFarming. In New York City, for
example, 18 ZFarms (of all the ﬁve types) were identiﬁed
versus more than 1000 ground-based community gardens,
with more than 80% of them growing food, and between
15 and 30 farms (the exact number depends on the
deﬁnition of ‘farm’; for the difﬁculties of distinguishing
community gardens from farms; see Ackerman31). Thus,
to date, ground-based urban farming certainly offers
broader access to fresh-grown food for urbanites. But
assuming further expansion of commercial, high-yield
ZFarming activities, and considering future resource
scarcity in growing urban areas, ZFarming seems
promising and, moreover, relevant for future urban food
provision9,13,21,22,24.
That said, the role of ZFarming in urban food supply
differs between developed and developing countries. In
developing countries, small-scale subsistence rooftop
gardening plays an important role in feeding families or
small communities and helping them to survive in cities32.
In developed countries, the issue of food security is
especially relevant for low-income neighborhoods that
lack retail facilities offering fresh and healthy food (‘food
deserts’)7. ZFarming, as a subtype of urban farming,
could play an important role in improving access to
fresh produce in these areas. However, only very few of
the identiﬁed ZFarms explicitly focus on supporting
and feeding low-income people. The characteristics of
ZFarming locations in New York City and Chicago (the
main clusters of our sample) seem to conﬁrm this: in both
cities, ZFarming is primarily located in neighborhoods
with income levels that correspond to the city’s median
income level, rather than in low-income areas33,34.
Hence, ZFarming in developed countries is geared to
the qualitative improvement of food systems rather than
to securing basic food supply for low-income residents.
Within the developed world, this is a major difference
from ground-based urban farming. This may be due to
the comparably higher obstacles faced by ZFarming
implementation (see below, ‘Speciﬁc implementation
processes’). Even though ZFarming can only meet a
very small share of the overall urban food demand and
is not primarily committed to the satisfaction of
basic needs, it can add to the supply of fresh and local
food—especially perishable fruits and crops that usually
travel a long way35.
ZFarming in the developed world meets demands
of urban food movements that are largely driven by
innovative pioneers and consumers. While commercial
ZFarms use direct marketing strategies to sell to local
consumer markets, many non-commercial farms directly
involve citizens in the farming activity. Thus, we need
to distinguish between ‘users’ who are actively involved
in ZFarming as volunteers, local residents or participants
in educational/social programs, and ‘consumers’ who
buy and consume products from commercial ZFarms.
An important component found in both ‘users’ and
‘consumers’ is their understanding of how the consumed
goods are produced. Their behavior is determined not
just by the material value but also by the cultural
relevance of regional or local and organic produce36,
which leads to a rising demand for regional products in
many countries.
Food systems are increasingly called upon to address
issues such as transparency, health, sustainability, resili-
ence, fairness, diversity and equality37,38. ZFarming may
effectively change existing structural arrangements by
targeting local markets; integrating farming and food
business into communities; generating local value-added
goods; and establishing alternative supply chains with
direct market links to consumers rather than indirect links
through wholesalers or processors39.
ZFarming can contribute to local food systems, using
built, social and natural urban resources. However,
outcomes such as sustainability or justice depend on the
goals and strategies of the actors involved37.
A critical aspect of commercial and image-oriented
ZFarming is the generation of exclusionary effects and
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inequalities. Commercial ZFarms sell at high-level
prices, and image-oriented ZFarms are primarily part of
premium restaurants. Thus, ZFarming products are not
necessarily within everyone’s reach. Guthman40 points
out that food activists do not necessarily relate to what
residents in need of fresh food seem to want.
Specific marketing strategies
ZFarming embraces an increasing number of commercial
farms that differ from many ground-based farms in their
business models. A categorization of urban agriculture
projects in New York reveals that the only urban farms
classiﬁed as ‘commercial’ are rooftop farms20. These
commercial ZFarms mainly address niche markets.
To tap these new markets they have to use speciﬁc
distribution channels and establish new alliances. Owing
to their small size and, accordingly, small yields and
higher unit costs as well as their explicit focus on local
markets, typical distribution channels, including whole-
sale, are ruled out in favor of alternative supply chains
without intermediaries, but with strong reliance on
personal contacts and collaborations.
Collaborations may be vertical along the supply
chain, e.g., with retailers, restaurants or commercial
kitchens, as well as horizontal, e.g., with other farmers.
Vertical collaborations with retailers are an effective
way for ZFarms to open up new markets. Mid- or long-
term contracts with one or more retailer(s) guarantee
the purchase of a ﬁxed amount of ZFarm produce
and allow ZFarms to justify reliable revenues over
several years, which in turn helps them to raise new
money and expand. Retailers, in turn, can offer local,
fresh produce grown in ‘extraordinary’ places, which
may contribute to their own marketing and image.
Similar arrangements exist with local restaurants.
Cooperation can reach even further: Gotham Greens, a
rooftop greenhouse business in New York, and Whole
Foods Markets, an organic retail chain, for instance,
teamed up to create a new, ecologically designed Whole
Foods store with integrated rooftop greenhouse, thus
further raising the visibility and transparency of local
food growing.
Collaborations may also be horizontal, for example
with other urban and rural producers for marketing, or
with science for research and development. Offering tours,
merchandising and renting farms as unique spaces for
events and workshops are further ways to generate
revenue. Some commercial ZFarms offer consulting for
new initiatives and help to create networks among
ZFarming players. According to Ackerman31, establish-
ing networks that connect urban and rural producers
with urban consumers is of particular interest. Hinrichs
and Barham41 show a ‘deepening and dovetailing [of]
traditional producer [. . .] roles’ by civic agriculture
initiatives. This also applies to ZFarming and its speciﬁc
demands: ZFarmers not only need comprehensive
knowledge of farming methods that ﬁt into built environ-
ments, but may also need marketing and distribution
competences. Stevenson et al.17 note that food-related
social-change groups often ‘struggle for resources, tech-
nical capacity, and speciﬁc expertise. At the same time, the
multiplicity and diversity of these groups provide abun-
dant opportunities [. . .].’
New spaces in the city
In rural and many urban areas, land will become
increasingly scarce in the future. Climate change,
population pressure and soil degradation will lead to a
decrease of available agricultural land, while the demand
for food will continue to rise42. ZFarming does not use
additional land for food production but exploits and
redeﬁnes the vast potential of unused urban spaces, such
as vacant buildings or rooftops. Integrating food pro-
duction into the urban building stock represents an
innovative way to address the issues of land scarcity and
food security.
Furthermore, ZFarming offers new possibilities for
architecture and urban design. The need to create green
and sustainable cities and buildings is widely acknow-
ledged by urban planners and architects1,6,43,44. By
merging food production and architecture, ZFarming
contributes to multifunctional buildings that offer a wide
range of social and ecological beneﬁts. According to Puri
and Caplow35, ‘building-integrated agriculture is highly
compatible with bioclimatic design principles, advanced
by architects and environmental designers.’
Especially in dense cities with pressure on urban land
markets, ZFarming can open up new spaces. While
ground-based urban farming projects often face land
constraints or planning insecurities (available spaces often
being earmarked for development)11, many ZFarms have
either long-term or unlimited leases. But ZFarms may
compete with other types of use. Especially in countries
with ﬁnancial incentives for landlords to install roof-based
solar energy systems, this might be critical11. In shrinking
cities, the reuse of vacant buildings for indoor farming
offers innovative solutions for redeveloping abandoned
areas.
Developing multi-functional buildings with integrated
farming calls for innovations in urban policies and land-
use planning, particularly concerning zoning codes.
Mukherji and Morales45 show how US cities have started
to include urban agriculture in land-use and comprehen-
sive planning, and established food policy planning. Some
cities create speciﬁc municipal programs and organiza-
tions to assist urban farming projects by providing
infrastructure, material or knowledge. Another key issue
is the adjustment of urban agriculture zoning and
permitting processes. There are two ways for cities to
enable urban farming through zoning: either by creating a
designated urban farming district or by treating urban
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farming ‘as a use or a set of uses that are permitted,
conditional, or forbidden, depending on the district’45.
While the above-mentioned policy reactions address
urban farming in general, policy frameworks and regula-
tions also adapt to more speciﬁc ZFarming challenges,
especially regarding rooftop greenhouses.Major obstacles
for constructing rooftop greenhouses are zoning regula-
tions, such as height limits and ﬂoor-to-area ratios.
Rooftop greenhouses are considered additional usable
space, counting toward the ﬂoor-to-area ratio in most
cities. The New York Department of City Planning
reacted by amending a zoning resolution to encourage
educational and food production-oriented rooftop green-
houses: greenhouses that comply with certain regulations
are exempt from height restrictions and ﬂoor area
limitations20. The City of Boston is discussing a similar
resolution. In close collaboration with different city
agencies, committees and elected ofﬁcials, ZFarming
entrepreneurs have played a key role in pushing forward
regulatory changes in New York City. However, such
adjustments are still at a very early stage and cannot be
extrapolated to other national settings with different
planning and regulatory systems.
Specific implementation processes and
networks
Depending on ZFarming forms and types, implemen-
tation processes can be rather complex, facing technical
challenges and complications, such as zoning and building
permits35. Germer et al.14 point out that the technical
challenges of crop cultivation in buildings require inter-
disciplinary cooperation integrating all areas of compe-
tency. Retzlaff43 conﬁrms that ‘green buildings require
the integration of various ﬁelds that normally work in
separate areas of activity. In conventional development,
landscape architects, architects and the construction
trades often do not communicate extensively.’ The
innovative character of ZFarming requires interdisciplin-
ary exchange and creates networks among actors that
have not cooperated before.
This is particularly true for high-tech commercial
ZFarms that often face speciﬁc challenges regarding
zoning and permitting and design and construction. The
analysis showed different models for initiating commer-
cial ZFarms. One option, appropriate for ZFarms using
less sophisticated technologies, is for initiators to carry out
the planning and implementation process largely on their
own, with external consultancy and/or voluntary support.
Highly complex ZFarm planning and implementation
processes, however, stress the need for a planning and
management entity that involves all stakeholders, such
as initiators, owners/landlords, developers, planning
and engineering consultants, building businesses, inves-
tors, operators, etc. The parties involved share the
(ﬁnancial) risk, and beneﬁt from an intensive exchange
of experience and knowledge. However, another model
implies a professionalization of the implementation
process, with one ‘contractor’ who ideally covers the
entire knowledge spectrum of ZFarm planning, imple-
menting and operating. Collaborating with external
partners, this ‘contractor’ could also plan and operate
more than one project.
Moreover, the analysis shows that ZFarming is
primarily initiated by institutions or businesses. In this,
ZFarming essentially differs from ground-based urban
farming, which is often started by grassroots initiatives
that occupy vacant urban spaces, creatively transforming
and, thus, redesigning them (often initially without
an ‘ofﬁcial’ permission, although they may later be
institutionalized). In ZFarming projects, such bottom-up
engagement of loosely organized groups of volunteers
and local residents is barely found, mainly because access
to buildings and rooftop spaces always involves clear
arrangements with the owners (regarding access regula-
tions, security issues, etc.). Hence, implementing
ZFarming requires a certain degree of organization and
institutionalization of key players.
New sources of financing
For all urban farming initiatives, ﬁnancing is an
important issue, since most of them are struggling for
economic viability. In the interviews, some peculiarities of
ZFarming ﬁnancing compared to ground-based urban
farming were revealed. These concerned access to public
grants and loans, support by players of the real estate
market and involvement of investor equity.
These peculiarities mostly relate to large-scale com-
mercial ZFarming. Commercial ZFarms are mainly
initiated by innovative and professional start-ups that
pool interdisciplinary academic and business experiences.
Since these businesses are expected to tap new markets
and create economic and environmental beneﬁts, they
have access to loans and grants for business development,
energy efﬁciency, stormwater management, green rooﬁng,
etc. Furthermore, real estate developers are beginning to
warm to the idea of sustainable green buildings, integrat-
ing rooftop farms and greenhouses on their own initiative
and cooperating with ZFarmers—a development also
driven by respective programs and incentives. For
example, a landlord who seeks to install a green roof
might team up with an urban rooftop farming business to
apply for a grant and share the costs of co-ﬁnancing. He
further beneﬁts from the alliance as the rooftop farmers
will ensure the maintenance of the green roof. Thus,
expanding programs for stormwater management or
green buildings to ZFarming could facilitate its dissemi-
nation. However, the willingness of landlords and
developers to (ﬁnancially) support ZFarming also de-
pends on the way city agencies and other controlling
institutions cope with these innovative approaches and
ﬁnancing models, e.g., by allowing for anticipated
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revenues from a rooftop ZFarm to be incorporated into
the building’s pro-forma20.
Conclusion
ZFarming can be understood as a relatively young and
speciﬁc form of urban farming. ZFarms act on societal
needs that arise from larger local and global transforma-
tive processes thatmanifest themselves, especially in cities.
Cities are focal points regarding the impacts of climate
change, resource scarcity, urbanization and economic
crisis. Consequently, action on these issues increasingly
occurs on the city level—driven by local governments,
local institutions, businesses, science, etc., and reinforced
by the dysfunctional reactions of many national and state
governments to economic and political challenges46,47.
Food and urban agriculture policies are good examples
of these economic and political forces. The complexity
of a globalized food sector with all its implications for
climate change and resource scarcity impedes efﬁcient
actions with quick results on an (inter)national level.
Hence, urban food movements and farming initiatives are
evolving as hands-on reactions to these societal problems,
and local governments, recognizing that there is more to
urban farming than just food production, respond to their
demands. Urban farming offers a broad range of non-
food and non-market goods and is expected to have
positive socio-cultural, economic and environmental
externalities for urban societies. ZFarming, as a subtype
of urban farming, represents a multifunctional land-
use, combining different uses and functions within one
building. It enables food production even in dense urban
areas where ‘there is a growing need to meet a large
number of societal needs on scarce urban land’48. Just
as the social-change activities in the agrifood system,
ZFarming initiatives also vary in how strongly they
challenge fundamental dimensions of dominant para-
digms41. Goals range from recreational to educational
and awareness building to the creation of new agrifood
business models. ZFarming also implies some new
dimensions compared to ground-based urban farming
by: offering speciﬁc opportunities for an efﬁcient use of
local resources, particularly synergies between farming
and buildings; furthering technical advancement and
innovations in the building and farming sector; exploiting
new urban spaces for agricultural production, but also
for recreational purposes; generating new business
models and marketing strategies; and requiring speciﬁc
implementation and planning processes, strongly relying
on local, site-speciﬁc, shared knowledge and interdisci-
plinary networks.
In terms of the sustainable city as an underlying
planning paradigm, ZFarming can further innovations
for a sustainable urban environment; contribute to the
development of urban farming and urban food move-
ments, which exhibit characteristics of social innovations;
spur technical advancement and innovations for urban
design and planning; and establish new business models.
These innovative practices could be crucial for obtaining
support by local governments struggling to restructure
and reinvent their economies and to develop resource-
efﬁcient solutions for climate change mitigation and
adaptation.
Further dissemination of ZFarming could be
supported by: formalizing government support for
urban farming including ZFarming; facilitating the
integration of urban farming, including ZFarming, into
the cityscape; integrating urban farming, including
ZFarming, into City policies and planning19; and
promoting (commercial) ZFarming as part of a new
urban green economy and infrastructure. However,
ZFarming is not positive per se. Potential costs and risks
have to be considered, and comprehensive impacts
assessments have to be made.
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